Objective: To evaluate the presence of methicillin-resistant Staphylococcus aureus (MRSA) in areas close to patients in a General Intensive Care Unit. Methods: This is a cross-sectional study, in which microbiological samples were collected from five surfaces (left / right bed siderails, bed crank, table, buttons on the infusion pump, and cotton gowns) from each of ten patient rooms, totaling 63 samples. To collect samples, the Petri Film TM Staph Express Count System 3M TM was used to screen for methicillin resistance, with the Mueller-Hinton agar supplemented with 4% sodium chloride and 6 μg / ml of oxacillin. Descriptive analysis was conducted to determine the frequency (n) and percentage (%) of contamination of environmental surfaces. Results: Of 48 samples positive for Staphylococcus aureus, 29 (60.4%) were resistant to methicillin. The incidence on the siderails and bed cranks, table, buttons on the infusion pumps and aprons were, respectively, 55.5%, 57.1%, 57.1%, 60.0% and 75.0%.
INTRODUCTION
Staphylococcus aureus is among the microorganisms responsible for colonizing and infecting men. It is one of the main agents that cause primary bloodstream infections, lower respiratory tract and surgical site infections (1) (2) also being highlighted as the second major cause of nosocomial bacteremia (3) , pneumonia, and cardiovascular infections (1) (2) . Infections caused by S. aureus are especially difficult to treat because of the profile of resistance to antimicrobial drugs. Resistance to penicillin and to the newer narrow-spectrum ?-lactamaseresistant penicillin antimicrobial drugs (e.g., methicillin, oxacillin) appeared almost immediately after introduction into clinical practice in the 1940s and 1960s, respectively (4) . Methicillin-resistant Staphylococcus aureus (MRSA) is endemic within most hospitals across the globe and causes a significant degree of morbidity and mortality, especially in intensive care unit (ICU) patients (5) . ICU patients are at greater risk of infection with MRSA due to their multiple risk factors including extended hospital stays, high antibiotic consumption and presence of intravenous devices (6) (7) . The main vehicle through which patients acquire MRSA whilst on ICU is thought to be the hands of healthcare workers, but studies have demonstrated that, even with high compliance to hand hygiene measures, cross-transmission still occurs (8) (9) . The precise role the inanimate environment plays in the transmission of MRSA is still not certain. The environment can act as a reservoir for MRSA, which can contaminate a wide variety of hospital equipment and surviving for prolonged periods of time (10) (11) (12) . This study aimed to evaluate the presence of MRSA in surfaces near hospitalized patients in a General Intensive Care Unit.
METHODS
Cross-sectional study carried out in October 2008 in a medical and general surgery Intensive Care Unit in a University Hospital. The study ICU has 30 beds for patients over 18 years of age, with 100% occupation and an average monthly admission of 62 patients. The authorization of the administrative parties was obtained for its execution.
The four environmental surfaces (bed rails [right and left], crank, bedside table, buttons of infusion pump) and 13 surgical gallons in ten ICU patients units were selected for culture before cleaning. These objects were chosen because they are frequently touched, with potential for exposure to medical staff and patients. All five items were cultured once, in October 21, 2008 , totaling 63 samples.
During the study the ten units had patients and it was not possible to characterize their profile. However, the average hospitalization length of stay of patients who were in the beds during data collection was 8.3 days. Usually the patient unit is cleaned with cotton cloth soaked in 70% alcohol (w/v). If some dirt is observed, it is firstly cleaned with detergent and water, and then usual cleaning is performed. It is highlighted that the same cloth is used to clean different patient units and it is only changed when it is visibly dirty, with the exception of isolation rooms in the ICU.
Petri At the end of each collection, plates were identified with: date, time and place of collection, stored in polystyrene boxes and transported to the Laboratory of Microbiology.
A sampling area of 30 cm² and incubation at 35°C during 24-48h was adopted for Petrifilm TM model. Reading of Petrifilm™ plates was done using stereomicroscope (Nikon, JP) under reflected light and were quantitatively evaluated through the CFU (Colony Forming Units). Red-violet colonies were considered as Staphylococcus aureus.
Methicillin susceptibility was tested by the oxacillin resistance screening test (13) . Petri plates containing MullerHinton agar, added with 4% Sodium Chloride and 6 μg/ ml oxacillin, known as MRSA medium (Probac do Brasil ® ), were used. These microorganisms were transplanted in BHI (Brain Heart Infusion) broth and incubated at 37ºC for 24 hours. After this period they were inoculated in plates and incubated at 37ºC for 24 and 48 hours. Any growing in the plate was considered MRSA.
Descriptive analyses were used to determine the frequency (n) and percentage (%) of contamination of environmental surfaces.
RESULTS
This study demonstrated contamination of environmental surfaces through collection of microbiological samples of 63 surfaces near patients hospitalized in the ICU. From the 48 positive Staphylococcus aureus samples, 29 (60.4%) were methicillin-resistant. The incidence on bed rails and cranks, bedside table, buttons of infusion pump and surgical gallons were, respectively, 55.5%, 57.1%, 57.1%, 60.0% and 75.0% (Table 1) .
Widespread environmental contamination with MRSA on the ICU (Figure 1 ) was found. 
DISCUSSION
Numerous studies illustrate that many different inanimate surfaces in hospitals can become a reservoir for MRSA (14) (15) (16) (17) (18) . Several studies specifically address environmental MRSA contamination within isolation units (19) (20) (21) . For several decades, there has been considerable controversy over whether or not contaminated environmental surfaces contribute to transmission of healthcare-associated pathogens. The potential for contaminated environmental surfaces to contribute to transmission of healthcare-associated pathogens depends on a number of factors, including the ability of pathogens to remain viable on a variety of dry environmental surfaces, the frequency with which they contaminate surfaces commonly touched by patients and healthcare workers, and whether or not levels of contamination are sufficiently high to result in transmission to patients (22) . Contamination of surrounding surfaces was evident in 48 (76.1%) of the occasions when samples were obtained. Altogether, the frequency of MRSA positive environmental sites was 60.4%. Other studies on this topic have reported lower contamination rates in isolation rooms, such as 27.0% (19) , 24 .0% (23) , 40.0% (24) , 22 .0% (20) , and 54.0% (21) . However, the various studies of MRSA detection on surfaces in isolation rooms are hardly comparable, since the patient characteristics, the microbiological screening methods, the sampling regimen, as well as the manner, frequency, and effectiveness of cleaning and disinfection methods vary considerably.
There is as yet no direct proof that the environment acts as a secondary reservoir for the infection of patients with multidrug-resistant bacteria in epidemics or endemic situations. However, there is mounting evidence that the environment of patients colonized with Grampositive bacteria serves as a potential reservoir for crosstransmission and hence possible infection (19, 25) . Environmental contamination may contribute to transmission of healthcare pathogens when healthcare workers contaminate their hands or gloves by touching contaminated surfaces, or when patients come into direct contact with contaminated surfaces (19) . Contaminated environmental surfaces that are commonly touched by patients and/or staff may act as sources for hand transfer. In support of this, Boyce et al (19) . demonstrated that five (42%) of 12 nurses contaminated their gloves with MRSA while performing activities that required no direct patient contact but involved touching objects in the rooms of MRSA patients. Oie et al (14) . found MRSA on the door handles of 19% of 21 rooms MRSA patients but also on 7% of door handles of 175 non-MRSA rooms. French et al. (26) , demonstrated that MRSA was found before cleaning on 59% of 27 door handles and 33% of nine sink taps. MRSA also was found on other sites commonly touched by staff, such as bed-raising control panels, light switches and patient hoists. In another study, 31% of volunteers who touched bed rails and overbed tables in patient rooms contaminated their hands with S. aureus (35% of which were MRSA) (27) . When volunteers touched bed rails and overbed tables in unoccupied rooms that had been terminally cleaned, 7% contaminated their hands with S. aureus (27) . The high incidence of contamination of the surgical gallons in this study calls attention. It is highlighted that the surgical gallons were 100% cotton, for individual use for each patient, replaced every 24 hours or when visibly wet/dirty, however, they were in use for approximately 18 hours and were used by different professionals (nursing, staff nursing, physicians and physical therapists) who examined or delivered care to patients who were under contact precaution. This can have contributed to this reality.
Transmission of MRSA from contaminated environmental sources to patients has occurred in a variety of settings. Schultsz et al. (28) presented convincing evidence that ultrasonic nebulizers were the source of an MRSA outbreak among patients. Other studies have provided suggestive evidence that contaminated ventilation grills were sources of MRSA outbreaks in hospitals (29) (30) . In a study by Hardy et al. (20) the authors concluded that three patients acquired MRSA from the environment, but did not exclude Health Care Workers (HCWs) as another potential source (28) (29) (30) (31) . The role of contaminated environmental surfaces in transmission of healthcareassociated pathogens is also supported by the fact that cleaning and/or disinfection of the environment can reduce the incidence of healthcare-associated colonization or infection, however, evidence for the effect of basic cleaning on reducing the acquisition rate of MRSA in hospital is scant, however a recent study have demonstrated that an intervention consisting of increased application of quaternary ammonium disinfectant (immersion of the cleaning cloth in buckets), Environmental Services staff education, and the use of a black-light monitoring system improved cleaning and decreased the likelihood of cultures positive for either MRSA or Vancomycin-Resistant Enterococcus (VRE) (32) . Microbiological sampling of surfaces may be helpful in testing the effectiveness of new or modified cleaning or disinfection procedures. It may also be conducted in response to epidemiological investigations which suggest that environmental or medical-device surfaces may be reser voirs or sources of nosocomial disease transmission (33) . The aim of cleaning should be to keep surfaces visibly clean, to disinfect frequent-touch surfaces more frequently than non-frequent-touch surfaces, and to clean up spills promptly (34) (35) . Thus, near patient (e.g. chart tables, bed frames) and frequent-touch (bed crank, bed rail, Infusion pump button) environmental surfaces may become contaminated with epidemiologically important microbes and should be cleaned regularly and at patient discharge as per hospital policy.
In a study (36) nursing professionals showed lack of knowledge about the principle reservoirs for multiple drug resistant bacteria implicating in the possibility of exposure of professionals to these factors without the proper precautions and consequently, the risk of contamination and dissemination of these multiple drug resistant bacteria.
In this study, the high incidence of environmental contamination are likely to be a reflection of both poor hand hygiene practices and compromised hygiene measures, as, during the study, no cleaning procedure was observed on the analyzed surfaces, although the routine is to disinfect using 70 percent alcohol once a day, after patients' discharge or death. The recorded levels of contamination in this study could reflect a need to re-iterate the importance of basic hand hygiene measures and the higher bacterial contamination rates in our study could suggest that the current method of cleaning may not be fit for purpose and consideration should be given to use of disinfectant or other agents, as a routine practice to reduce bioburden in addition to more intensive cleaning regimens.
This study has limitations. First, cultures were taken only time. The exact timing between when an object was cleaned, when it was contacted, and when it was cultured was not quantified. These timing details may have had a dramatic effect on the final culture results. The number of times an object was touched also was not recorded. Moreover, a convenience sample of only five objects does not represent the ICU as a whole and there may be items that might haven't been positive for MRSA but were not sampled. Financial restraints limited the amount of samples taken.
Further investigation of the clinical significance of hospital environmental contamination and of more effective cleaning methods are required. What remains inconclusive, however, is the larger significance of environmental contamination with pathogenic bacteria such as MRSA, especially in terms of epidemiological concerns related to nosocomial infections.
CONCLUSION
The results of this preliminary cross-sectional screening study provides evidence of a high incidence of bacterial contamination and suggest that the environment surrounding patients may be significantly contaminated with S. aureus (MRSA) and that surfaces could represent an important reservoir in the transmission of MRSA. Contaminated surfaces contribute to transmission of healthcare-associated pathogens by serving as sources of hand (or glove) contamination among healthcare workers, and by direct spread of pathogens to susceptible patients. An increasing body of evidence suggests that enhanced cleaning/disinfection of environmental surfaces can reduce transmission of these pathogens. This study also identifies a potential inanimate object, ubiquitously present in many patient environments, which could be used as a marker of environmental contamination. This should allow the further study of the effectiveness of interventions and the causal relationship to clinical outcomes.
